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PROPOSAL SUMMARY

TITLE: In-Situ and Remote Sensing of the Jovian Environment Using
Low Energy (1 eV-4 keV) Plasma and Neutral Atom Imaging

SHORT TITLE: Jovian Plasma and Neutral Atom Imaging
P.I./Institution: Michael R. Collier/NASA Goddard Space Flight Center
Co-I./Institution: Edward Sittler/NASA Goddard Space Flight Center

Dennis Chornay/NASA Goddard Space Flight Center
John F. Cooper/NASA Goddard Space Flight Center
Michael Coplan/University of Maryland
Robert E. Johnson/University of Virginia

PRIMARY TYPE: Instrument Development

MISSION TARGET: Jupiter Icy Moons Orbiter
NEPP-Enabled Objectives: High Resolution Low Energy Neutral Atom Imaging of the Jo-

vian System
TRL of Proposed Instrument: 6 (system model demonstration in space environment)

We propose developing an instrument suitable for the Jovian environment which is capable of
functioning as either a low energy neutral atom imager or as a positive ion spectrometer/neutral atom
imager by changing voltages applied to various parts of the instrument.  The instrument will employ
conversion surface technology and be sensitive to either neutrals converted to negative ions or neutrals
converted to positive ions (and positive ions themselves) depending on the power supply. On an actual
mission, such as the Jupiter Icy Moons Orbiter (JIMO), two back-to-back sensors would be flown with
separate power supplies fitted to the neutral atom and ion/neutral atom sides, which will allow both
imaging of neutral clouds and in situ measurements of the plasma environment within Jupiter’s
magnetosphere. This imager, which will cover the energy range from 1eV<E<4keV, will provide global
images of the interaction between the Galilean moons and Jupiter’s magnetosphere by measuring the
neutrals coming from the icy moons and observing the ion component within the interaction regions of
the various moons, for which pickup ions will give information about surface composition. These
observations will also allow us to measure the exospheric atmospheres (corona) of these moons and to
directly measure their surface composition by detecting the energetic (>1 eV) sputtered neutrals of
trace elements. These data will be analyzed using Monte Carlo simulations of atmospheres produced
by sputtering and radiolysis of proposed surface materials. This instrumentation will also measure the
global environment of neutral clouds and plasmas within Jupiter’s magnetosphere, which can be traced
to both internal and external sources, and provide the boundary conditions for the icy moon interactions
with Jupiter’s magnetosphere. The proposed instrumentation would provide composition measurements
of the neutrals and ions that enter the spectrometer with a mass resolution M/∆M~9 and be capable of
resolving molecules. Among the technical challenges, high-power heaters will need to be mounted to
the conversion surfaces and triple coincidence measurements will need to be employed to suppress the
high background noise from the harsh Jovian radiation environment. Also, increased sensitivity and
geometric factor will be required for sufficient statistics and instrument image cadence along with
correspondingly high telemetry rates.
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iii.

SUMMARY OF PERSONNEL AND WORK EFFORTS

FY05 FY06 FY07
Collier (PI) 0.10WY 0.10WY 0.10WY
Sittler (Co-I) 0.05WY 0.05WY 0.05WY
Cooper (Co-I) 0.05WY/$7.4K 0.05WY/$8.9K 0.05WY/$9.9K
Chornay (Co-I) 0.13WY/$16.9K 0.13WY/$16.4K 0.13WY/$16.4K
Coplan (Co-I) 0.06WY/$15.5K 0.06WY/$15.0K 0.06WY/$15.0K
Johnson (Co-I) 0.10WY/$20K 0.10WY/$20K 0.10WY/$20K

Rozmarynowski (mech/tech) 0.10WY 0.10WY 0.10WY

The salaries and costs associated with the Principal Investigator as well as Sittler and Rozmarynowski
are supported by GSFC and do not require funding by NASA Headquarters. However, they have been
fully costed in this proposal.
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i. Overview
The Solar System Exploration Survey New

Frontiers Program for the next decade advocated

the flagship mission Europa Geophysical Explorer

(EGE). This mission has now been replaced by its

equivalent Jupiter Icy Moon Orbiter (JIMO)/

Prometheus, for which the latter is a technology

demonstration mission for space fission reactors.

This mission has its own instrument development

program called Hi-Cap and for which we are

proposing a Low Energy (1 eV-4 keV) Jovian Ion
and Neutral Atom (LEJINA) imaging instrument.
This new design does require considerable power

during phases when its conversion surface needs

upgrading. Higher power levels will also be

required since “hot” or “EDR” microchannel

plates will be used for a high counting rate

capability and the proposed electronics will require

high speed (sub-nanosecond) rad-hard electronics

which may also require high power levels.  This

instrument will generate telemetry rates greater

than 16 kbps.

NASA is currently planning an ambitious
mission to orbit three of the Jovian Galilean
satellites: Callisto, Ganymede and Europa. This
mission, the Jupiter Icy Moons Orbiter (JIMO), is
designed to determine their makeup, their history
and their potential for sustaining life. It will provide
many months in orbit around each moon and will
allow long-term surveys of magnetic field, plasma,
energetic particles, neutral gas, dust and
electromagnetic components of the local moon
environments and the large-scale magnetosphere.
This mission will be enabled by the pioneering use
of electric propulsion powered by a nuclear fission
reactor and is motivated, in part, by magnetometer
evidence from the Galileo Orbiter mission for
subsurface oceans of Europa and Callisto [Khurana
et al., 1998; Kivelson et al., 1999, 2000; Zimmer
et al., 2000] and of Ganymede [Kivelson et al.,
2002]. Surface geologic evidence for a modern
Europa ocean is compelling but not definitive [Carr
et al., 1998; Pappalardo et al., 1999].

Neutral atom imaging may hold the key to
answering many of the questions that still remain
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Figure 1. A Cassini/INCA neutral atom image of the Jovian
magnetosphere taken shortly after Cassini’s closest approach
to Jupiter.

following Galileo. With neutral atom imaging, the
neutral products of charge exchange reactions or
sputtering processes are sampled from a remote
location. This technique is different from but
complementary to in-situ neutral gas observations
because it is sensitive to individual atoms and
molecules, provides a global perspective of
plasma and erosion processes and allows a
sampling of regions the spacecraft does not or
cannot traverse.

Figure 1 shows an Ion-Neutral CAmera
(INCA) [Mitchell et al, 1993] image of the Jovian
magnetosphere taken shortly after Cassini’s closest
approach to Jupiter. INCA responds to high energy
neutral atoms (>20 keV), and this image shows
the nebula of Iogenic neutrals which surrounds
Jupiter.

However, most of the plasma in the
heliosphere lies below a few kilovolts in energy
and much of the plasma and neutrals of scientific
interest at Jupiter lie in this energy range. For
example, neutrals sputtered off satellites will be
primarily in the <10 eV energy range [Johnson,
1990]. Even neutrals generated in the Io torus
where oxygen and sulfur ions almost fully corotate
at about 60 km/s will have energies of about 300
and 600 eV, respectively. Even many tens of Jovian
radii away from the Io torus, the Jovian plasma
appears to corotate at around half the rigid
corotation speed [Kane, 1991; McNutt et al.,
1979].

Thus, in order to fully and effectively
explore the Jovian environment, low energy
neutral atom imaging must be a major
instrumental component of any planned mission.



ii. Objectives and Scientific Significance
The objective of the first year of this study

is to define and develop subsystems of a low en-
ergy plasma spectrometer and neutral atom imager
suitable for the Jupiter Icy Moons Orbiter which
can:

•Remotely image eV to keV neutrals from Jovian
magnetospheric interactions with the neutral at-
mospheres, ionospheres, and surfaces of the icy
Galilean moons, and measure in-situ pickup ions
in the magnetospheric wakes and jovicentric or-
bital tori of the moons. Since the atmospheric,
ionospheric, and wake composition mostly arises
originally from surface sputtering by magneto-
spheric ions, all LEJINA neutral and ion mea-
surements near the moons will provide new in-
formation on composition of the moon surfaces.

•Remotely image the temporal variation of neu-
tral atom spatial distributions around the icy
Galilean moons for correlation to magnetic field
and ionospheric structures varying in response
to the Jovian background magnetospheric field,
any intrinsic field and its potential secular varia-
tion (Ganymede), and induced fields from sub-
surface oceans.

•Identify the presence of selected neutral and
ionic molecules within the expected range of
LEJINA mass resolution in the vicinity of the
Galilean moons and Jupiter’s magnetosphere in
general.

The objective of the second year of the
study is to further refine the instrument design and
integrate and test the subsystems.

The objective of the third year is to pro-
duce an integrated fully-operational prototype of
a low energy neutral atom imager/ion spectrom-
eter suitable for the Jovian Icy Moons Orbiter mis-
sion.

For the JIMO mission our spectrometer can
provide composition measurements of large scale
neutral clouds and plasma populations within
Jupiter’s magnetosphere. It will also be able to
image Jupiter’s polar ionosphere, measure
precipitating ions and their composition along
auroral field lines and the precipitation of heavy

ions at lower latitudes where the thermosphere is
hotter than its surroundings [Waite et al., 1983,
1994, 1996, 1997; Seiff et al., 1996; Metzger et
al., 1983; Cravens et al., 1995; Drossat et al., 1993;
Sommeria et al., 1995] and the field lines map to
the radiation belts of Jupiter. Possible ions are H+,
H

2
+, H

3
+, O+, O2+, S+, S2+, S3+, and SO

2
+ among

others. These ions will be observable because of
Jupiter’s extended hydrogen corona.

This instrument will also be able to image
the hot Io torus and since it can measure neutrals
down to 1 eV, it will also be able to image the cold
Io torus. Because Io is clearly the major source of
plasma, energetic particles and neutrals within
Jupiter’s magnetosphere [Belcher, 1983; Krimigis
and Roelof, 1983; Brown et al., 1983; Hill et al.,
1983; Vasyliunas, 1983], understanding the physics
of the Io torus within Jupiter’s magnetosphere is a
major objective of the planetary community and
JIMO will be able to measure the precipitation of
this plasma into Jupiter’s upper atmosphere and
the transport, cooling and energization of this
plasma as it moves to the outer magnetosphere.
JIMO with our neutral imager will be able to
observe the high latitude boundary of the plasma
within Jupiter’s inner radiation belts and its
expected Io signature.

For the three icy Galilean moons, a major
scientific objective is to describe the spatial and
temporal distributions of the products of radiolysis
and sputtering of icy surfaces [Johnson and
Sittler,1990; Johnson et al., 1998; Johnson et al
2003a]. Because of the dominance of water ice,
the principal products (e.g., H

2
O, H

2
 and O

2
), their

dissociation products, and their ions will determine
the nature of the ionosphere and will affect the
atmosphere-magnetosphere interaction. An oxygen
corona has been detected at Europa and Ganymede
[Hall et al., 1995, 1998] produced by radiolysis by
the energetic charged particle bombardment on
these surfaces. Radiolysis also produces hydrogen
peroxide [Carlson et al., 1999a; Moore and
Hudson, 2000] and oxygen trapped in the icy
surfaces [Spencer et al., 1995; Calvin et al., 1996;
Calvin and Spencer, 1997]. CO

2
 is seen to be

present in the ice on all three icy satellites [Carlson,
1999; McCord et al., 1998a,b] with a CO

2

atmosphere (and likely CO) observed on Callisto
[Carlson 1999]. Therefore, radiolysis of the CO

2
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in ice can produce carbonic acid on any of the icy
satellites [Moore et al., 1991; Johnson et al., 2003a]
or the CO

2
 could be a dissociation product of a

higher organic [Johnson et al., 2003a]. An ozone-
like feature has been detected on Ganymede [Noll
et al., 1996] and sulfuric acid has been suggested
to be present on Europa [Carlson et al., 1999b].
Atmospheric sodium and potassium have been seen
as sputtering products [Johnson, 2000, 2002;
Leblanc et al., 2002]. In addition, Iogenic sulfur
implanted into the icy surfaces may have been seen
on all of the icy satellites [Lane et al. 1981; Nelson
et al. 1987; Noll et al., 1995; 1997].

Organics and related molecules may have
been detected on the surfaces of Callisto and
Ganymede [McCord et al., 1997; Johnson et al.
2003a]. McCord et al. [1998a, 1999] reported
MgSO

4
 and Na

2
SO

4
 salt hydrates on the surface of

Europa, although an alternative interpretation of
the same near-infrared spectrometer data suggests
H

2
SO

4
 acid hydrate instead [Carlson et al., 1999b,

2002]. Key to resolution of this dispute is the
measurement of the elemental ratios S/O, Mg/O,
and Na/O, preferably for neutrals emitted directly
from concentrations of non-ice material on Europa.
Europa appears to be a net source of Na for the
Jovian magnetosphere [Johnson, 2000; Johnson et
al., 2002; Leblanc et al., 2002], possibly from a
subsurface ocean. Non-ice constituents have also
been detected on Ganymede and Callisto [McCord
et al., 1998b] and presumably arise from some yet-
unknown combinations of external and internal
sources. Furthermore, the observed sodium and
potassium could have had an ocean source at
Europa [Leblanc et al., 2002].

Neutral and ionic composition originating
from the moon surfaces, and accessible to LEJINA,
may then include O, S, Mg, and Na, which are
particularly of interest in relation to origins of the
moons and potential subsurface oceans [Kargel et
al., 2000]. For astrobiology the biogenic elements
C, N, O, P, and S [Pierazzo and Chyba, 2002] are
also essential components of living organisms and
might be associated with remnants of biological
samples ejected to the highly irradiated [Cooper et
al., 2001] moon surfaces from subsurface oceans.
All of these must be considered against a
background of solar-abundance materials,
including these and other species in recognizable

ratios, delivered to the moon surfaces over billions of
years by cometary impacts [Pierazzo and Chyba,
2002]. Isotopes of the light elements (H, He, C, N, O)
might also be accessible to LEJINA measurements,
given sufficient mass resolution for an enhanced
design, and would be of interest for (1) tracing the
origin of magnetospheric species, since sputtering
fractionates escaping neutrals in favor of light isotopes
[Johnson, 1990; Johnson et al., 2003a], and for (2)
setting limits on abundances of materials from
biological sources, which also favor light isotopes.
Since sputtering preferentially leaves heavier isotopes
on the moon surfaces on long time scales, LEJINA
imaging of light isotope concentrations, e.g. in
disrupted regions on Europa’s surface, could mark a
spot for future landed science to search for freshly
emergent oceanic and perhaps even biological
materials.

The bombardment of the various moons of
Jupiter can produce the sputtered ejection of energetic
neutrals, which can form coronal atmospheres around
these bodies and neutrals within Jupiter’s
magnetosphere [Johnson, 1990; Johnson et al., 2002].
There are extensive laboratory data on the sputtering
of neutrals from icy surfaces bombarded by energetic
ions, for which 100-1000 neutrals can be ejected for
every ion incident on the satellite surface. Our
proposed Hi-Cap instrument will have the ability to
detect the pickup ions (atomic and molecular) from
these neutral clouds [Bar-Nun et al., 1985; Johnson,
1990; Johnson, 1998; Baragiola et al., 2003; Johnson
et al., 2003b]. JIMO with its orbit extending out to
Callisto would be able to image and detect in situ the
hot plasma of ionized neutral clouds and remotely the
neutral clouds themselves of the above mentioned
species. As a neutral mass spectrometer we can
measure the principal atmospheric constituents at 100
km. We will make measurements of those neutrals,
which become negatively or positively charged, down
to 1 eV. This will allow us to be able to directly detect
the high energy tails of the sputtered neutrals so that
trace sputtered species may be directly detected.
Noting their energy and direction, these can then be
traced to rough locations on the surface because the
collision probability with the background atmosphere
is small. Using model energy spectra and our Monte
Carlo calculations of the sputtered atmospheres,
quantitative information can then be obtained on the
surface abundance of detected species.

3



Since, the global properties of the magnetic
field surrounding the moons (i.e., Europa or
Ganymede) will affect the spatial and pitch angle
distributions of the ions interacting with the neutral
clouds surrounding these bodies, the neutral
imaging capability of our instrument will allow us
to determine the global properties of the induced
or internal magnetic fields of these bodies when
combined with both in situ plasma and magnetic
field measurements. This in turn, will allow us to
infer, in the case of Europa, the presence of a global
ocean under its icy crust.

Therefore, there exists the potential for
detecting a wide range of exogenic and endogenic
molecules within Jupiter’s magnetosphere and both
neutral imaging and ion measurements of atomic
and molecular species are desirable for the JIMO
mission.

iii. Technical Challenges for Jovian Low Energy
Neutral Atom Imaging

Although low energy neutral atom imag-
ing is now a proven space flight technology, cer-
tain technical challenges exist for the application
of this technique to the Jovian environment.

(1)  Because oxygen and sulfur are major
components of the Jovian magnetosphere, a viable
neutral atom imager must have the capability to
resolve these species and others in the Jovian en-
vironment.

(2) The intense radiation environment will
require triple coincidence measurements to keep
background accidental events as low as possible.
The Galileo Interim Radiation Electron (GIRE)
model of Garrett et al. [2003], the earlier Divine
and Garrett [1983] trapped radiation model for Ju-
piter, and published electron and ion spectra from
Galileo Orbiter data of Cooper et al. [2001] pro-
vide the basis for our evaluation of radiation ef-
fects on LEJINA and the need for less vulnerable
operational modes.

(3) The long duration of the trip to Jupiter
and the mission itself will require on-board capa-
bility to purge and replenish the conversion sur-
faces.

(4) Unlike low energy neutral atom imag-
ing on the IMAGE mission in which the nominal
target was outflow from the polar caps, the Jovian
processes of interest range from sputtering off of

4

moon surfaces to neutrals generated in the Io torus
to neutrals associated with the Jovian polar regions.
The wide spectrum of potential Jovian targets will
require a much larger field-of-view than was suffi-
cient at Earth.

iv. Science Objectives and Research Focus Ar-
eas from Solar System Exploration Roadmap

The ESS, Exploration of the Solar System,
science theme “seeks to understand all aspects of
our Solar System, including the planets, satellites,
small bodies, and Solar System materials, and the
search for possible habitats of life beyond Earth.”

The proposed study covers the Mission
Statement “To Explore the Universe and Search for
Life” with the Strategic Goal “Explore the Solar
System and the Universe beyond, understand the
origin and evolution of life, and search for evidence
of life elsewhere” and addresses two Science Ob-
jectives under the Solar System Exploration OSS
Theme.

It addresses the Science Objective “Learn
how the Solar System originated and evolved to its
current state” through Research Focus Area (b)
“Study the processes that determine the character-
istics of bodies in our solar system and how these
processes operate and interact” because the pro-
posed instrument will determine how and what
material is sputtered from icy satellites and how
this material is processed afterwards by the Jovian
system. In addition, it will address science topic
(d) “Learn what our Solar System can tell us about
extra-solar planetary systems” because Jupiter-like
planets have been found around other stars and
many of the same processes at work in the Jovian
system will also be relevant in these extra-solar
planetary environments.

The proposed instrument also addresses the
Science Objective “Determine the characteristics
of the Solar System that led to the origin of life”
through the Research Focus Area “Determine the
nature, history, and distribution of volatile and or-
ganic compounds in the solar system” because the
time-of-flight system will be able to resolve mo-
lecular species. Additionally, it will address the Re-
search Focus Area “Identify the habitable zones in
the Solar System” because it may contribute to con-
firming the Galileo results indicating subsurface
oceans may exist on Europa and Callisto.



Instrument Heritage

i. IMAGE/LENA
The Low Energy Neutral Atom (LENA)

imager on the IMAGE spacecraft [Burch, 2000;
Moore et al., 2000] was succesfully launched and
became operational during 2000. This instrument
is designed specifically to look at the neutral at-
oms that form when low energy (~10’s of eV) ions
which frequently flow upward from the polar re-
gions of the terrestrial ionosphere charge exchange
with atoms which comprise Earth’s exosphere. This
outflow is well-correlated with changes in the so-
lar wind ram pressure [Moore et al., 1999]. Figure
1 shows one image of ionospheric outflow from
the LENA instrument during a period when there
was a strong correlation between the outflow and
the solar wind ram pressure on June 24, 2000
[Fuselier et al., 2001; Khan et al., 2003]. In this
figure, a wire-frame Earth can be seen behind the
outflow, in green. The bars at the left and right in-
dicate the solar wind ram pressure and outflow flux,
respectively. The entire outflow movie may be
viewed at http://lena.gsfc.nasa.gov/.

In addition to ion outflow, LENA has ob-
served other neutral atom signals, as well. Figure
3 shows two LENA images from June 8, 2000. In
these two images, the Earth may be seen at zero
degrees polar and zero degrees azimuth along with
dipole field lines (L=3 and 6.6) drawn to aid inter-
pretation. The signal near 180 degrees polar angle
is where LENA’s look direction is closest to the
direction of the Sun. Each image is averaged over
an hour and taken while IMAGE was near apogee,
about 8 R

E
.  The left side shows the neutral atom

Figure 2. IMAGE/LENA observations of low energy (10’s
of eV) ion outflow from the Earth’s auroral region.

observations before a coronal mass ejection (CME)
hit the Earth  and the right side after the CME hit
the Earth [Moore et al., 2001; Collier et al., 2001].
The region surrounding the Earth in the lower part
of the image brightens considerably following pas-
sage of the CME, which is expected because ter-
restrial neutral atom emission increases during pe-
riods of strong geomagnetic activity. Note, how-
ever, that the Sun signal which appears in the up-
per half of the image and was originally thought to
be due to solar UV also brightens after the passage
of the CME. An examination of solar UV data
showed that there was no increase in solar UV at
this time to explain the enhancement observed in
the Sun pulse following the CME. Subsequent
analysis showed that this brightening is due to the
presence of neutral atoms in the solar wind formed
when solar wind protons charge exchange with
neutral gas in the interplanetary medium. These ob-
servations marked the first detection of the neutral
solar wind.

ii. Expected Jovian Count Rates
The IMAGE/LENA instrument relies on

low energy neutral atoms converting to negative
ions after near-specular reflection off a conversion
surface at a small incident angle (15 degrees). Once
ionized, the incident neutrals are accelerated, pass
through an electrostatic analyzer,  then enter a time-
of-flight/position sensing unit. Studies of the con-
version properties of bare tungsten in support of
LENA showed that about 1% of the incident
neutrals became negative ions after interacting with
the conversion surface. By employing a cesiated
tungsten surface, we expect a yield of at least 10%.
If about 10% of the converted neutrals pass through
the toroidal deflection system and a time-of-flight
subsystem efficiency is likewise of the order of
10%, our estimated LEJINA efficiency is ~10-3.

Figure 4 shows modelled Europa O
2
 and

H
2
O sputter source 100 km upward flux spectra.

The “non-sticky” (not chemically reactive at the
surface) O

2
 is thermalized by repeated contacts with

the 100K surface and consequently has less flux
above 1 eV than the water. The H

2
O, however, sticks

so the 100 km flux has the same shape as the source
flux. The 100 km spectra for other sticky species
including Na and Mg resemble that for H

2
O. A com-

parison of the H
2
O source and the 100 km spectra
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i. Approach
To develop an instrument designed specifi-

cally to image low energy neutral atoms in the Jo-
vian environment, we will exploit our experience
with conversion surface and heater technology
from the LENA instrument launched on the Im-
ager for Magnetopause to Aurora Global Explora-
tion (IMAGE) spacecraft on March 25, 2000 while
incorporating a time-of-flight/position sensing sys-
tem based on some aspects of the CASSINI/CAPS
experiment [Young et al., 1998]. Additionally, this
instrument proposal will be partially leveraged by
an already-funded SECID instrument development
effort (P.I. E. Sittler) which will extend the capa-
bility of CAPS.

The proposed LEJINA instrument is shown
conceptually in Figure 5. A 360 degree field-of-
view is achieved using a “top hat” style geometry
as opposed to the wedge geometry of LENA in
which particles enter a 90 degree field-of-view.
This 360 degree field-of-view will be divided into
thirty-two 11.3 degree pixels.

Neutral atoms (or ions, depending on the
sensor voltages, as discussed later) enter the in-
strument through a 12.5 degree polar angle colli-

PROPOSED ACTIVITIES
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Figure 3. IMAGE/LENA observations of ~4 keV neutral so-
lar wind before and after the arrival of a coronal mass ejec-
tion at Earth. Also visible in the lower half of the figure are
enhanced neutral atom emissions from the magnetosphere.

Figure 4. Modelled Europa O
2
 (top) and H

2
O (bottom) sput-

ter source 100 km upward flux spectra.

shows that such species can be imaged from source
sputtering sites and therefore constrain composi-
tion at those sites for geologic correlations
[Shematovich et al., 2003].

The H
2
O flux at the energies of interest for

LEJINA (>1 eV) is comparable to about 104/cm2/
s/eV and the O

2
 flux is about 103/cm2/s/eV. De-

pending on the energy passband used, LEJINA will
observe an H

2
O flux of ~105/cm2/s and an O

2
 flux

of ~104/cm2/s. Using these fluxes and the estimated
efficiency above and taking the effective instru-
ment aperture size of ~5 cm2, we expect a signal
of the order of 103 H

2
O counts/s and 102 O

2
 counts/

s at an altitude of 100 km above Europa.
Interesting species such as Na, which we

know is present from Na D emission observed from
Earth, and Mg, which is expected but for which
there is not yet a direct measurement, will be
present at around 0.1% to 1% of the level of H

2
O.

Consequently, sufficient statistics for these species
could be accumulated over a few minutes of
LEJINA observation time. K is also present, but
with a lower limit Na/K abundance of 25 for K
from Europa (since some of it is likely from Io).
LEJINA will also be able to image K with suffi-
cient statistics over maybe tens of minutes of ob-
serving time.



Figure 5. Schematic diagram of the LEJINA instrument con-
cept.

mator/charged particle rejecter. In the case of neutral
atoms converted to negative ions, they are steered by a
deflector element into a toroidal deflection system,
which selects the ions based on the original neutral’s
energy. This is in contrast to the method used by LENA
in which neutral energy is inferred based on separation
induced by the post-acceleration followed by position
sensing. We anticipate that this method will result in a
cleaner neutral energy spectrum.

Once exiting the toroidal deflection system, the
negative ions are post-accelerated through 15 kV and
enter a time-of-flight/position sensing unit based on
the CAPS/SECID design. The azimuthal angle, that is
the angle around the 360 degree field-of-view, is de-
termined by position sensing of secondary electrons
on the outside of the top microchannel plate stack. A
solid anode behind the position sensing anode may be
used to generate a quick signal as a start pulse for the
time-of-flight measurement.

 The ions then travel ballistically through an
effectively field-free region where they encounter an-
other MCP stack with a thin (possibly 2 µg/cm2) car-
bon foil assembly placed about 5 mm above the MCP
surface. A signal drawn from a solid (i.e. non-position
sensing) anode on the back of the stack produces the
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stop signal. Additionally, secondary electrons produced
off the top of the foil as the ions penetrate are guided
up to the top MCP stack where they produce another
stop signal resulting in a triple-coincidence measure-
ment.

Because one concern about the Jovian environ-
ment is the intense radiation, particularly around
Europa, it may be reasonable to entertain the notion of
have a quadruple coincidence mode for periods of very
high background due to penetrating radiation. This
“Europa-mode” could be effected by drawing second-
ary electrons off the side of the top foil closest to the
toroidal deflection system to trigger additional MCPs
around the housing of the instrument.

ii. Methodology
There are four major subsystems which com-

pose the proposed LEJINA instrument: (a) the charged
particle rejector/collimator, (b) the heater/conversion
surface, (c) the electrostatic optics and (d) the time-of-
flight/position sensing unit.

The proposed study will, in the first year, spe-
cifically address optimizing each of the individual sub-
systems separately with simulations and testing de-
signed specifically and appropriately for the subsystem.

The second year of the study will incorporate
the various subsystems into integrated tests. As part of
the second year activities, since it will require the mat-
ing of the heater assembly to the optics assembly, tests
will be performed to evaluate how frequently and to
what degree cesium will need to be deposited onto the
conversion surface in-flight. Potential methods of cop-
ing with the harsh Jovian radiation environment (out-
side of the triple coincidence measurements) will also
be examined during year two.

The third year of the study will integrate the
entire instrument into a functioning laboratory proto-
type. This will involve laboratory electronics rather than
flight-qualified power supplies, but the tests will be
close enough to the actual flight unit that there will be
no question of flight qualifiability. In addition, other
issues will be addressed such as substituting other sur-
faces for the tungsten, such as chemical vapor depos-
ited (CVD) diamond, which would not have a serious
impact on instrument design. Among other issues to be
addressed in the third year are additional heat dissipa-
tion strategies.



Figure 6. Prototype LENA tungsten conversion surface/heater
assembly.

Figure 7. Temperature profile for the above prototype LENA
heater assembly.

the surface, as a function of time. With this design,
it takes about eight or so minutes to reach 800
Celcius, after which there will be some time de-
voted to cooling off the surface. Clearly, in an in-
strument requiring high voltage, the high voltage
must be shut down prior to heater operation and a
reasonable amount of time must pass before the
high voltages could be ramped back up. The entire
sequence may take a few hours. This means that it
would be most efficient in terms of scientific yield
to operate all heaters simultaneously, This will re-
quire close to a kilowatt of power. Following sur-
face cleansing and cool-down, the cesium dispens-
ers will be activated for about two minutes. Each
dispenser requires several Watts of power.

The heaters will fit together to span the en-
tire area covered by the facets by using seven hex-
agonal heaters.

Heat dissipation issues will be addressed
by creating a thermal model of the instrument.
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a. Charged Particle Rejector/Collimator
Charged particle rejectors are a common

feature of all neutral atom imaging instruments,
or at least instruments designed specifically for
neutral atom imaging. The LEJINA design will be
similar to that employed successfully on LENA.
However, the LEJINA design, as shown in Figure
5, will cover an entire 360 degree view, rather than
90 degrees, with about a 12.5 degree opening
angle.

The LENA collimator successfully rejects
charged particles with energy per charges up to
about eight times the applied voltage using a four
plate alternating voltage design. It is anticipated
that the LEJINA collimator can be designed to be
at least as effective as the LENA collimator with
only two plates. However, this will be investigated
and, depending on the results, more plates may be
added or the linear dimension may be increased to
achieve this goal.

b. Heater/Conversion Surface
Although low energy neutral atom imag-

ing works effectively with untreated tungsten sur-
faces, in part due to sputtering from the surface,
the most effective method is to treat the tungsten
surfaces periodically with low work function ce-
sium which facilitates direct neutral atom conver-
sion to negative ions. Over time the conversion
efficiency will be reduced, resulting in lower in-
strument efficiency. Part of the final heater/con-
version surface subassembly will be the ability to
monitor the work function of the surface. This is
accomplished by illuminating the surface with blue
diodes and measuring the photoelectric current.

However, such an approach requires purg-
ing the surface before application of the cesium.
Work done in support of the LENA instrument in-
dicated that the tungsten surfaces would need to
be heated to about 800 Celcius (cherry red) for
effective purging. Although heaters and cesium dis-
pensers were not part of the LENA instrument as
flown, some development was done in this regard.
Figure 6 shows a prototype LENA heater assem-
bly. Heating was effected by running about 100
Watts of power through a filament sandwiched
between alumina wafers.

Figure 7 shows the temperature of the tung-
sten, as measured by a thermocouple attached to
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However, since the surface looks out into space, it
is not anticipated that this will be a major problem.

c. Electrostatic Optics
Converted ions are guided  by the steering

deflector element into a toroidal energy per charge
selector as illustrated in Figure 8. This approach is
quite different from that employed by LENA. Us-
ing this method, we will have both higher energy
resolution, since that is determined by the toroidal
analyzer and not degraded by spatial scattering off
the conversion surface, and the inherent ability to
separate the very low energy sputtered component
from the directly converted neutrals. Because neu-
tral atoms will only capture a single electron in an
interaction with the conversion surface, there will
not be the usual charge state ambiguity that accom-
panies the application of energy per charge analyz-
ers to ion measurements (although there will be that
ambiguity in ion mode, as discussed below).

d. TOF/Position Sensing Subsystem
The time-of-flight unit will determine the

angle around the 360 degree aperture the neutral or
ion entered based on position sensing of the sec-
ondary electrons emitted by the top foil immedi-
ately following post-acceleration. To reduce the
complexity of the design for this application, we
intend to use discrete anodes, each with its own
preamplifier. This is the preferred approach for two
reasons. First, a fast pulse for time-of-flight deter-
mination can be drawn directly off the 12.3 degree
discrete anode rather than requiring a separate solid
anode if a wedge or strip position sensing method
were applied. Second, giving each of the anodes its
own preamplifier is a more robust system to the
potential failure of preamplifiers in the harsh Jo-
vian environment than a wedge or strip method
which would have less redundancy.

Two major constituents of the Jovian mag-
netospheric system are Iogenic oxygen and sulfur.
Thus, it is essential that, at the very least, the time-
of-flight unit be able to resolve these species.

Figure 9 shows pulse height spectra ob-
tained at GSFC from the CAPS Ion Mass Spec-
trometer operating in medium resolution mode,
which has dimensions similar to that proposed for
LEJINA. These data show that even carbon, nitro-
gen and oxygen are resolved, so that resolving oxy-

Figure 8. Sample trajectories of 70 eV neutrals through the
LEJINA instrument. With the charged particle deflectors off
this instrument would also detect Jovian ions.
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Figure 9. MCP time-of-flight distributions for carbon, nitrogen
and oxygen from a standard time-of-flight unit, in this case
from the Cassini/CAPS instrument.

gen from sulfur will not be a technical challenge.

e. Molecule Observations
One of the major scientific questions involv-

ing Europa is whether the “salts” observed in near-
infrared observations [McCord et al., 1998a, 1999,
2001], mainly on the trailing hemisphere, are some
combination of Na

2
SO

4
, MgSO

4
 or else are really

H
2
SO

4
 [Carlson et al., 1999b] acid hydrate. Thus, in

addition to looking at Europa surface and atmo-



Figure 11. MCP pulse height distributions for hydrogen and
oxygen. Note that the introduction of a foil, even the thinnest
foil tested, significantly changes the pulse height distribution
generated by hydrogen and oxygen although the two distribu-
tions are very similar in the case of no foil.

Figure 10. Time-of-flight spectra simulated with SRIM.

10

spheric abundance of S, O, Na, Mg and K, a major
science goal is the detection and characterization of
molecules and molecular fragments.

Molecules are successfully converted to nega-
tive (or positive) ions at the conversion surface, will
be steered into the toroidal deflection system. After
exiting the carbon foil at the time-of-flight unit, the
molecule will have dissociated into its constituent
parts.

LEJINA will have three different methods to
determine that a neutral molecule rather than a neu-
tral atom entered the tof unit.

First, heavy atoms that are part of a molecule
will dissociate with a speed equal to that of entire
molecule post-accelerated to 15 keV rather than that
of the atom itself accelerated to 15 keV so that  mo-
lecular constituents will be moving slower through
the tof unit than the neutral atoms. SRIM (The Stop-
ping and Range of Ions in Matter) simulations indi-
cate that this difference will be large enough to be
seen in the tof unit. For example, water accelerated
to 15 kV which dissociates in the carbon foil will
produce an oxygen with 13.3 keV. The time-of-flight
profiles for oxygen at 15 kV (red trace) as compared
to 13.3 kV (blue trace) are shown in Figure 10 and
will be resolvable.

Second, the constituent parts of molecules
entering the tof unit will, of course, generate a start
signal simultaneously. For molecular constituents that
are close in mass such as carbon and oxygen, the stop
signals will be effectively simultaneous since the con-
stituent particles will travel through the drift region
at the same speed [e.g. Nordholt et al., 1998]. How-
ever, for molecular constituents that have a large mass
difference, such as oxygen and hydrogen, the stop
signals will be closely spaced, but not simultaneous.
This is because the constituent atoms having differ-
ent masses will lose differing amounts of energy in
the carbon foil. Thus, if the electronics detects one
start signal corresponding to two closely-spaced stop
signals, it will indicate a molecule.

The blue and green traces in Fig. 10 show
SRIM simulations of the tof spectra of 13.3 keV oxy-
gen and 0.83 keV hydrogen, the energies associated
with water exiting the foil. The two have different
mean tofs and different tof distribution shapes. The
sum of the two is shown with the purple trace and
represents the observed tof distribution which would
allow the two constituent peaks to be inferred and

the molecule type established. This would require
some modeling.

Third, additional information on the molecule
will be obtained by pulse-height differences that re-
sult when two different species impinge on an MCP,
as illustrated by the GSFC data shown in Figure 11,
and as has been successfully flown on the IMAGE/
HENA instrument [Mitchell et al., 2000]. To accom-
plish this, a second foil would be placed about 5 mm
above the stop MCP to effect the differences in the
pulse height distributions shown in Fig. 11. This
would also be a statistical measurement of the mo-
lecular composition and require some modeling to
extract the separate distributions from the combined
spectra.

By exploiting all three of these approaches,
LEJINA will be able to determine the composition of
and image the molecular environment of the Jovian
icy moons.



iii. Ion/Neutral Atom Sensor
The instrument design allows operation in an ion

or neutral atom mode (neutral atoms converted to posi-
tive ions) by changing potentials in the ESA and time-
of-flight sections, and in the case of the ion mode suit-
ably biasing the surface as well as disabling the collima-
tor/charged particle rejector. The collimator, however,
may be used at low voltage to guide the ions into the
toroidal deflection system. This establishes the particle’s
energy per charge. The positive ions then enter the time-
of-flight unit, after being accelerated through a negative
potential of 15 kV, where a mass measurement is made.

In addition to providing a measurement of the
local Jovian plasma environment, this mode will aid in-
terpretation of the neutral atom data by allowing an evalu-
ation of the degree of energetic particle contamination,
that is, whether or not energetic charged particles are get-
ting past the collimator and contaminating the neutral
atom measurements. This is especially important in the
Jovian environment where ions are quite energetic
[Collier and Hamilton, 1995].

The scientific advantage in including an addi-
tional sensor outfitted for ions and neutral atoms con-
verted to positive ions is that it not only provides a mea-
sure of the local Jovian plasma environment, but also
allows imaging of many more neutral species that would
not be observed if one were limited only to those form-
ing negative ions. For example, Na is expected to form
positive ions after interacting with the conversion sur-
face.

iv. High Voltage Issues
For the neutral atom to negative ion conversion

sensor, the tof MCPs and associated electronics will be
floating at a negative potential. Therefore, the data from
the unit will need to be optically coupled to ground. For
the ion and neutral atom to positive ion sensor, this will
not be an issue because the top MCP will be at negative
potential and the anode will be at ground potential. The
optocoupling electronics and their associated power sup-
plies are part of the ongoing SECID development at
GSFC. However, if not available within our time frame,
we plan to capacitively couple the signals to ground.

v. Technical Readiness Level Discussion
Low energy neutral atom imaging, down to about

10 eV using conversion surface technology became a
proven spaceflight technique following the launch of the
IMAGE mission in March of 2000 [Burch, 2000]. How-

ever, as previously mentioned, the Jovian environment
presents certain challenges which will require consider-
able modifications to the LENA instrument on IMAGE
which was designed for the terrestrial environment.

Thus, the LENA instrument in this context may
be considered a “representative model or prototype”
which has been tested in a “relevant” environment,
namely, space. This test was, of course, successful in the
case of the LENA instrument, and therefore this technol-
ogy is assessed at Technical Readiness Level (TRL) 6.
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CONCLUSION

Low energy neutral atom imaging must be a part
of any mission to Jupiter’s moons which seeks to deter-
mine their makeup, history and even their potential for
sustaining life. The LEJINA instrument directly addresses
all three of the top-level JIMO science goals: (1) scout
the potential for sustaining life (by contributing to the
issue of subsurface oceans and surface chemicals), (2)
investigate the origin and evolution of these moons
(through sputtering studies), and (3) determine radiation
environments and the rates of weathering by material
(through neutral atom imaging).

i. Science Objectives and Instrument Capabilities
The science objectives of the proposed instrument

involve determining the composition of Jovian satellites
using sputtered material as well as addressing issues of
Jovian system dynamics. This requires low energy neu-
tral atom imaging, from a few keV down to as low as
possible, preferably at least a couple eV.

ii. Quality and Uniqueness of Science Enabled by
Expanded Capabilities

Low energy neutral atom imaging with conver-
sion surface technology is a proven spaceflight technique.
However, a lengthy mission through a harsh radiation
environment such as Jupiter’s requires the capability to
periodically purge and resurface with cesium the con-
version surfaces. This requires heater elements which will
consume large amounts of power not readily available
on standard missions but easily within the capability of
nuclear electric power and propulsion technology.

Most of the neutrals in the Jovian system of interest
in addressing the science questions of the Jupiter Icy
Moons Orbiter fall in the low energy range, below a
couple keV. It will be essential to have a viable low
energy neutral atom imager on this mission.
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PLAN OF WORK

I. Year One
(i) Completed by Dennis Chornay and Edward
Sittler: Ray tracing simulations of instrument op-
tics will be performed to maximize throughput.
This includes optimization of collimator design to
achieve charged particle rejection to as high ener-
gies as possible. SRIM code will be used to char-
acterize the expected response in the tof section
for various species.

(ii) Completed by Paul Rozmarynowski: Based on
results of ray tracing and SRIM simulations, a re-
fined set of concept and mechanical drawings will
be produced for the toroidal deflection system.

(iii) Completed by Dennis Chornay, Michael R.
Collier and Paul Rozmarynowski: Laboratory work
based on previous experience with LENA heaters
will be continued to produce a viable heater de-
sign. This design will then be incorporated into the
mechanical drawings with special emphasis on
optimizing cooling time and maintaining reason-
able temperatures at critical components.

(iv) Completed by John Cooper and Robert E.
Johnson: Simulation of Jovian plasma environ-
ments relevant to the JIMO mission with empha-
sis on processes, such as sputtering, that produce
neutral atoms in the LEJINA energy range.

(v) Completed by Michael Coplan: Testing of sur-
faces with respect to their conversion efficiency
for not only H and O but also expanded to other
atoms such as S and C as well as stable molecules
and free radical molecules.

II. Year Two
(i) Completed by John Cooper, Robert E. Johnson,
Dennis Chornay and Michael Coplan: Evaluate the
effects of the expected radiation environment on
the instrument to determine degree of required
shielding and other designs that will mitigate ra-
diation effects.

(ii) Completed by Dennis Chornay and Michael
R. Collier: Integrate heater units into instrument

containing conversion surfaces and optics to test
with a neutral beam using a Quantar.

(iii) Completed by Dennis Chornay, Michael R.
Collier, Michael A. Coplan and Paul
Rozmarynowski: Design and test a suitable tof/po-
sition sensing unit for LEJINA based on the CAPS/
SECID design. The anode board will be supplied
by the University of Maryland.

(iv) Completed by John Cooper and Robert E.
Johnson: Based on efficiency estimates and decay
times supplied by Michael R. Collier and Dennis
Chornay, simulations developed in year one will
be used to estimate the LEJINA response in vari-
ous regions of the Jovian environment. These re-
sults will be used to optimize instrument design
parameters and develop simulated LEJINA images.

III. Year Three
(i) Completed by Paul Rozmarynowski: Design
based on results of tests on tof/position sensing unit
in the second year, a tof/position sensing unit to
mate to integrated instrument.

(ii) Completed by Paul Rozmarynowski, Dennis
Chornay, Michael Coplan and Michael R. Collier:
Using ray tracing, design suitable collimator to
mate to instrument.

(iii) Completed by Michael A. Coplan: An exami-
nation of a number of new surfaces including those
derived from low work-function alloys, intercalated
materials, and surfaces upon which a variety of self-
assembled monolayers will be deposited.

(iv) Completed by John Cooper and Robert E.
Johnson: Based on their models customized for this
application and the established instrument design,
evaluate LEJINA response to the Jovian environ-
ment at various times in the JIMO mission. Both
neutrals and plasma effects will be considered.

(v) Completed by Michael R. Collier, Dennis
Chornay and Edward Sittler: Final testing of com-
pletely integrated LEJINA instrument.
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MANAGEMENT STRUCTURE

Michael R. Collier as Principal Investigator will
be responsible for the overall management and suc-
cess of the proposal. He will be involved either
directly or in a oversight role with every aspect
and facet of the proposal work.

Each one of the Co-Investigators in this proposal
will have the specific roles listed below:

Edward Sittler

Edward Sittler is a Co-Investigator on the Cassini/
CAPS experiment and Principal Investigator on a
funded Sun-Earth Connections Instrument Devel-
opment proposal. The instrument design proposed
herein is in-part based on designs in each of these
instruments, particularly the time-of-flight/position
sensing unit. Thus, Dr. Sittler will play a major
role in defining and testing the instrument and its
subsystems especially those with CAPS and
SECID heritage.

Dennis Chornay

Dennis Chornay will be responsible for the opti-
mization of the preliminary design by performing
ray tracing and other appropriate simulations and
investigating heat dissipation issues. In addition,
Dr. Chornay during the second year of the proposal
tenure, if granted, will do a detailed study of the
preliminary instrument design as established dur-
ing the first year of the proposal and based on the
expected radiation environment will determine
whether or not quadruple coincidence mode will
be necessary and feasible for some parts of the
mission.

Robert E. Johnson

Robert Johnson is an expert in the areas of model-
ing the effect of the Jovian radiation environment
on icy satellites, modeling and calculating charge
exchange cross sections, and monte carol model-
ing of the atmospheres and neutral tori that com-
pose the Jovian system. He will work closely with
the hardware development team to assure that the
instrument specifications are consistent with maxi-
mizing the scientific yield.

John F. Cooper

John Cooper is a leading researcher studying the
Jovian radiation environment and its impact on and
interaction with the Jovian moons. He will work
closely with Robert E. Johnson on the modeling
efforts and their application to LEJINA instrument
design. Radiation environment models for JIMO,
such as the GIRE model of Garrett et al. [2003],
will be utilized to guide the LEJINA team in se-
lection of radiation-hardened parts and in devel-
opment of background elimination schemes for
LEJINA. He will also examine potential areas of
synergy between neutral atom imaging and radio
plasma imaging which may part of the JIMO in-
strument suite.

Michael Coplan

Michael Coplan is an expert in surface chemistry
and will provide support and guidance on issues
relating to the tungsten (as well as other) conver-
sion surfaces and cesiation. He will aid in evalua-
tion and mitigation of radiation effects including
issues dealing with the sensitivity of electronics
to noise generated by the Jovian environment. In
addition, he will provide guidance on general ques-
tions of neutral chemistry and other various hard-
ware-related issues.
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TASK CALENDAR

a. Optimize sensor optics
(i) Perform ray tracing simulations of sensor geometry to optimize geometrical factor by in-

creasing the spacing ∆r between the hemispherical deflection plates.
(ii) Optimize entrance geometry by selecting appropriate scattering angles and charged par-

ticle deflection plate geometries.
b.  Sensor development

(i) Design and fabricate toroidal deflection system to mate with conversion surface assembly.
(ii) Test conversion surface/hemispherical deflection system subsystem in lab.

c. Heater development
(i) Develop a viable heater designed capable of taking initially 30C tungsten facets of an

appropriate size up to 800 C within a few minutes reliably and repeatedly.
(ii) Establish design parameters for optimum cesium dispensing.

d. Model development - Refinement of current models with emphasis on processes that produce
neutral atoms in the LEJINA energy range.

a.  Perform radiation study on preliminary instrument design to determine whether or not a qua-
druple coincidence mode would be feasible and appropriate. Examine other approaches to
shielding and other techniques to mitigate radiation effects.

b. Integrate developed heater units into instrument containing both conversion surface and optics
assemblies.

c. Design and test suitable time-of-flight/position sensing unit for instrument based on Cassini/
CAPS and SECID heritage. Lab electronics will be used to validate techniques discussed to
detect molecules.

d. Use results of models to optimize instrument design for making those measurements which will
have the greatest impact on resolving current science questions. Develop simulated images of
LEJINA response.

a. Integrate time-of-flight unit and test the fully integrated unit.
b. Investigate other potential surfaces for conversion such as CVD diamond and additional heat

dissipation strategies.
c. Design preliminary flight electronics capable of resolving molecules.
d. Complete modeling work by incorporating measured LEJINA instrument characteristics.

Year
05

06

07



CLEARLY MEASURABLE MILESTONES

1. Heater Performance - Using laboratory power supplies, thermocouples and other supplies un-
der vacuum conditions, demonstrate a heater design compatible with the LEJINA instrument
that is capable of heating its tungsten surfaces up to 800 C repeatedly.

2. Freeze Optimum Geometry - Reach closure through simulations of the optimum geometry for
the optics.

3. Mechanical Drawings - Produce a preliminary set of mechanical drawings defining interfaces
between subsystems. This is necessary since subsystem development will be done in parallel.

4. Fabricate and test the toroidal deflection systems and the conversion surface assembly both
individually and as an integrated system.

5. Establish based on modelling effort and anticipated instrument capabilities which specific sci-
ence questions will be answered by what LEJINA observations.

1. Efficiency Degradation - Perform tests on integrated conversion surface/heater and optics as-
semblies under good vacuum conditions with an ultraviolet source to evaluate the conversion
surface degradation with time and how frequently the surface will have to be re-cesiated in the
Jovian environment.

2. Radiation Study - Reach a conclusion about whether or not a quadruple coincidence mode will
be useful in the Jovian environment given the JIMO mission. Determine shielding and elec-
tronics requirements necessary to operate effectively in the Jovian environment.

3. Test Instrument in Flight-Like Mode - Test the integrated instrument by taking it through a
complete cycle of measurement, cleansing, cesiation and measurement, as it will be doing in-
flight

4. Test tof/position sensing unit - Verify through laboratory testing using a Quantar that the time-
of-flight/ position sensing unit functions as expected and can resolve different atoms such as
carbon from oxygen from sulfur.

5. Develop simulated images of LEJINA observations in the Jovian plasma environment.

1. Successfully test fully integrated instrument in environment and manner to as closely as pos-
sible represent that expected on the JIMO mission.

2. Surface Selection - Select optimal conversion surface type for Jovian application (e.g. tungsten,
CVD diamond, etc.)

3. Complete preliminary design of flight electronics capable of resolving molecules in the Jovian
system.

4. Publish instrument paper and modeling results.

Year
05

06

07

15
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FACILITIES AND EQUIPMENT

The work proposed herein will be per-
formed primarily using existing facilities available
in the Laboratory for Extraterrestrial Physics (LEP)
at the Goddard Space Flight Center. No new com-
puter purchases are required.

Laboratory facilities at Goddard include
two 36 inch diameter vacuum systems capable of
accelerating electrons and ions to energies from as
low as ten Volts to about 20 keV. In many cases,
for example, the hemispherical deflection system
and the time-of-flight unit, testing may be effected
with ion beams. In cases in which the testing must
be performed with neutrals, the beam will be cre-
ated from the accelerated ion beam by leaking gas
into the chamber near the filament. The remaining
charged component of the beam will be stripped
out using biased grids at the end of the beam tube.
Alternatively, thin carbon foils may be used prior
to the grids, depending on the beam energy, to ef-
fect a neutral component.

COST PLAN

A cost plan for the tenure of this proposal
is provided at the end of this document. As indi-
cated, the Principal Investigator, Co-Investigator
Edward Sittler, and Technical Support person Paul
Rozmarynowski are civil servants and do not re-
quire salary funding other than the G&A Assess-
ment, although salaries for the Civil Servants have
been fully costed. The proposal covers a fraction
of Dr. Cooper’s time. Separate budgets are attached
corresponding to the appropriate line items in the
GSFC budget for the University of Virginia and
the University of Maryland detailing costs associ-
ated with Robert E. Johnson, Dennis Chornay and
Michael A. Coplan’s contributions to this proposal.
Paul Rozmarynowski is partially funded for sup-
port activities. A modest amount ($4.3K) is in-
cluded in the third year of the budget for costs as-
sociated with publishing the results of the study.
$2K per year is listed for travel to at least one ma-
jor meeting to report to the community on the
progress of the instrument development effort and
to get feedback from the community.

The budget for the University of Virginia
lists Valery Shematovitch, Francois Leblanc and
Mau Wong who have performed Europa model-
ling and may be assisting with the modelling ef-
forts there but are not listed as Co-Is or Collabora-
tors on this proposal because they do not fit into
the definitions of these roles as laid out in the
“Guidebook for Proposers Responding to an
NRA.”

All money from this proposal will be spent
in the United States by United States institutions.
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LIST OF CURRENT AND PENDING SUPPORT

Principal Investigator: Michael R. Collier

A. Current Support
none

B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.10 years

2. Search for the Source of Mysterious Bursty Magnetic Field Wave Activity at 1 AU and Throughout the
Heliosphere

NASA Sun-Earth Connection Guest Investigator Program
$217 K (10/1/03-9/30/05)
0.10 years
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Co-Investigator: Edward Sittler

A. Current Support

1. Cassini Plasma Spectrometer Investigation (Co-I/NASA)
$1517K (10/97-9/08)
0.50 years

2. Interpretation of SOHO/LASCO, EIT, UVCS Observations Using a Multidimensional MHD Model (PI/
NASA/NRA-01-OSS-01 SEC)

$248K (1/02-1/05)
0.30 years

3. Fast 3D Ion Composition Plasma Spectrometer (PI/NASA/NRA-02-OSS-01 SECID)
$459K (10/02-9/05)
0.20 years

B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.10 years

2. Coordinated Observations of Magnetic-fields and Plasma to Address Storm Science (COMPASS) (Co-I/
NASA/AO-03-OSS-02 SMEX03-0012-0024)

(11/1/03-12/1/09)
0.20 years

3. 3D Ion Composition Spectrometer for Planetary Missions (PI/NASA/NRA-03-OSS-01 PIDDP)
$638K (3/1/04-2/28/07)
0.10 years
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Co-Investigator: Dennis Chornay

30

A. Current Support

1. Fast 3D Ion Composition Plasma Spectrometer (NRA-02-OSS-01 SECID)
$30K/year (10/02-9/05)
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B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.13 years



Co-Investigator: John F. Cooper

A. Current Support

1. Magnetospheric Irradiation of Europa and Io
Jovian System Data Analysis Program
Dr. Denis Bogan, Solar System Exploration Division, (phone: 202-358-0359)
$107K (4/23/02-4/22/04)
0.25 years

2. Radiolytic Model for Chemical Composition of Europa’s Atmosphere and Surface
Planetary Atmospheres and Planetary Suborbital Research
Dr. John J. Hillman, Solar System Exploration Division, (phone: 202-358-2314)
$147K (1/1/03-12/31/04)
0.20 years

B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.10 years

2. Model for Surface and Atmospheric Irradiation of Solar System Bodies in Space Environments Within and
Outside the Heliosphere

Planetary Atmospheres
Dr. John J. Hillman, Solar System Exploration Division, (phone: 202-358-2314).
$244K (6/1/04-5/31/07)
0.20 years

3. Planetary Active Radio Sounder
High Capability Instruments for Planetary Exploration
Dr. Curt S. Niebur, Solar System Exploration Division,(phone: 202-358-0390)
$100K (04-07, Raytheon Budget)
0.15 years

4. Titan Orbiter Aerorover Mission
Call for Mission Concepts: Space Science Vision Missions
Dr. Marc S. Allen, Director, Advanced Programs and International Coordination, (phone: 202-358-2470)
0.10 years
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Co-Investigator: Michael Coplan

A. Current Support

1. Study of Electron Correlation in Atoms by Impulsive Double Ionization (NSF PHY-9987870)
$505 K (8/15/00-3/1/04)
0.08 years

2. Precession Time of Flight Mass Analyzer Development (NASA NAG512744)
$47.7 K (1/15/03-1/14/04)
0.06 years

3. Fast 3D Ion Composition Plasma Spectrometer (NASA)
$28.5 K (3/1/03-2/28/06)
0.08 years

4. Development and Application of Single Molecule Assays (NIST 020613-818)
$47.5 K (4/10/03-10/10/03)
0.00 years

5. Optical Manipulation of Bose-Einstein Condensates (NSF PHY-0100767)
$70 K (9/1/04-8/31/06)
0.00 years

6. Preparation and Analysis of Nucleic Acids and Proteins (NIST SB-134101C0033)
$105 K (9/1/03-8/31/04)
0.00 years

7. Sounding Rocket Experiment to Explore the CUSP (NASA NAG55263)
$197 K (2/22/00-2/21/04)
0.02 years

B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.10 years

2. Experimental Investigation of Two-Electron Momentum Densities (NSF)
$450 K (1/1/04-12/31/06)
0.08 years
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Co-Investigator: Robert E. Johnson

A. Current Support

1. Ion Collision Cross Sections (NASA Planetary Atmospheres)
$80K/year (1/02-05)

2. Radiolysis of Icy Outer Solar System Surfaces (NSF Astronomy)
$42K/year (7/01-04)

3. Radiation Effects in the Outer Solar System and in the ISM (NASA Origins Program)
$35K/year (6/02-05)

4. Radiation Effects on Ices on the Satellites of the Giant Planets (NASA Geology and Geophysics)
(11/02-05)

B. Pending Support

1. In-Situ and Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and
Neutral Atom Imaging (this proposal)

NASA High Capability Instuments for Planetary Exploration
$401 K (10/1/04-9/30/07)
0.10 years
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STATEMENTS OF COMMITMENT

Dr. Michael R. Collier
Code 692
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Dear Dr. Collier:

I acknowledge than I am identified by name as a Co-Investigator on the proposal entitled “In-Situ and
Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and Neutral Atom
Imaging” that is submitted by Dr. Michael R. Collier to the High Capability Instruments for Planetary
Exploration Program NRA-03-OSS-01-HCIPE. I intend to carry out all responsibilities for me in this
proposal. I understand that the extent and justification of my participation as stated in this proposal will
be evaluated during peer review in determining the merits of the proposal.

Sincerely,

Dr. Edward Sittler
Astrophysicist
NASA/GSFC



Dr. Michael R. Collier
Code 692
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Dear Dr. Collier:

I acknowledge than I am identified by name as a Co-Investigator on the proposal entitled “In-Situ and
Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and Neutral Atom
Imaging” that is submitted by Dr. Michael R. Collier to the High Capability Instruments for Planetary
Exploration Program NRA-03-OSS-01-HCIPE. I intend to carry out all responsibilities for me in this
proposal. I understand that the extent and justification of my participation as stated in this proposal will
be evaluated during peer review in determining the merits of the proposal.

Sincerely,

Dr. Dennis Chornay
Astrophysicist
NASA/GSFC
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Dr. Michael R. Collier
Code 692
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Dear Dr. Collier:

I acknowledge than I am identified by name as a Co-Investigator on the proposal entitled “In-Situ and
Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and Neutral Atom
Imaging” that is submitted by Dr. Michael R. Collier to the High Capability Instruments for Planetary
Exploration Program NRA-03-OSS-01-HCIPE. I intend to carry out all responsibilities for me in this
proposal. I understand that the extent and justification of my participation as stated in this proposal will
be evaluated during peer review in determining the merits of the proposal.

Sincerely,

Dr. John F. Cooper
Astrophysicist
NASA/GSFC
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Dr. Michael R. Collier
Code 692
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Dear Dr. Collier:

I acknowledge than I am identified by name as a Co-Investigator on the proposal entitled “In-Situ and
Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and Neutral
Atom Imaging” that is submitted by Dr. Michael R. Collier to the High Capability Instruments for
Planetary Exploration Program NRA-03-OSS-01-HCIPE. I intend to carry out all responsibilities for
me in this proposal. I understand that the extent and justification of my participation as stated in this
proposal will be evaluated during peer review in determining the merits of the proposal.

Sincerely,

Michael Coplan
Professor
The University of Maryland
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Dr. Michael R. Collier
Code 692
Goddard Space Flight Center
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Dear Dr. Collier:

I acknowledge than I am identified by name as a Co-Investigator on the proposal entitled “In-Situ and
Remote Sensing of the Jovian Environment Using Low Energy (1 eV-4 keV) Plasma and Neutral
Atom Imaging” that is submitted by Dr. Michael R. Collier to the High Capability Instruments for
Planetary Exploration Program NRA-03-OSS-01-HCIPE. I intend to carry out all responsibilities for
me in this proposal. I understand that the extent and justification of my participation as stated in this
proposal will be evaluated during peer review in determining the merits of the proposal.

Sincerely,

Robert E. Johnson
John Llyod Newcomb Professor
Head, Engineering Physics
University of Virginia
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THREE YEAR BUDGET SUMMARY
FY05 FY06 FY07

1. Salaries: Collier (Civil Service) ($12.5K) ($12.8K) ($13.1K)
Sittler (Civil Service) ($  6.3K) ($  6.4K) ($  6.5K)
Chornay (Univ. of Maryland)  $16.9K1  $16.4K1  $16.4K1

Cooper (Raytheon)  $  7.4K  $  8.9K  $  9.9K
Coplan (Univ. of Maryland)  $15.5K1  $15.0K1  $15.0K1

Johnson (Univ. of Virginia)  $20.0K1  $20.0K1  $20.0K1

Rozmarynowski (Civil Service) ($11.0K) ($11.5K) ($12.0K)
Total Salaries:  $ 89.6K  $ 91.0K  $ 92.9K

2. Equipment/Fabrication Costs:
Univ. of Maryland1  $  3.8K1  $  1.8K1  $  1.8K1

Charged Particle Rejector/Collimator  $  3.0K
Heater/Conversion Surface  $  3.0K
Surface Polishing and Measurement  $  3.0K
Cesium Dispensers  $  1.0K
Electrostatic Analyzer  $  4.0K
TOF Subsystem  $  5.9K
MCPs and Housing  $  4.0K
Anodes  $  1.0K
Fast Preamps  $  5.0K
Plating  $  1.0K  $  1.0K
Misc. Lab Supplies  $  2.0K  $  2.0K  $  2.0K
Total Equip/Fab:  $20.8K  $20.7K  $  3.8K

3. Publication Costs  $  4.3K
4. Travel ($  2.0K) ($  2.0K) ($  2.0K)
5. General and Admin. (G&A) Assessments  $22.8K  $23.2K  $24.1K
6. Taxes - Lab and Directorate  $  5.8K  $  5.8K  $  5.8K
7. Full Cost Less Direct Labor  $109.2K  $110.0K  $ 99.3K

8. Fully Costed  $141.0K $142.7K $132.9K

1See attached budgets from the University of Maryland and the University of Virginia for a break-
down of this component of the GSFC budget.
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